A Gram-stain negative, aerobic, non-motile, short-rod-shaped bacterium, designated T , was isolated from the storage liquid in the stems of Populus euphratica trees in Xinjiang, PR China. Strain KBL-4-9 T grew at 4-45 8C (optimum 37 8C), 1-3 % (w/v) NaCl (optimum 1 %, w/v) and pH 5.5-9.5 (optimum pH 7.5). Phylogenetic analyses based on 16S rRNA gene sequences indicated that strain KBL-4-9 T belonged to the genus Pseudomonas and showed the highest 16S rRNA gene sequence similarity of 97.36 % to Pseudomonas pelagia CL-AP6 The major cellular fatty acids of strain KBL-4-9 T were C 16 : 0 , C 12 : 0 , summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 17 : 0 cyclo. The major isoprenoid quinone was Q-9. The major polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylcholine. On the basis of phenotypic, chemotaxonomic and phylogenetic properties, strain KBL-4-9
According to the original definition given by Migula (1894) , the genus Pseudomonas represents a group of Gram-stain negative, aerobic, non-spore-forming, motile and rod-shaped bacteria and contains a large number of species isolated from a variety of natural sources including soil, water, animals and plants (Palleroni, 1992) . They have a variety of functions related to the decomposition of organic substances as well as promotion of plant growth and they can also act as pathogens (Peix et al., 2009 ). There are currently more than 120 species of the genus Pseudomonas with validly published names (Pascual et al., 2012) . Previously (Palleroni, 1984) , members of the genus Pseudomonas were scattered throughout the classes Alphaproteobacteria, Betaproteobacteria and Gammaproteobacteria, but they are now restricted to the class Gammaproteobacteria; the members of the classes Alphaproteobacteria and Betaproteobacteria were transferred to other genera (Kersters et al., 1996) . The taxonomy of the genus Pseudomonas has been revisited several times on the basis of physiological, molecular and phenotypic features (Sneath et al., 1981) , genetic studies such as 16S rRNA gene sequence similarity (Anzai et al., 2000) and analysis of the housekeeping genes rpoB, rpoD and gyrB (Mulet et al., 2010) , and chemotaxonomic data (Oyaizu & Komagata, 1983; Vancanneyt et al., 1996) . This paper describes a novel endophytic bacterial strain, designated T , isolated from a Populus euphratica sample at the ancient Khiyik River (408 439 220 N 858 199 180 E) in Xinjiang Uyghur Autonomous Region, China. To determine the exact taxonomic position of strain T by using a polyphasic approach, Pseudomonas pelagia CL-AP6 T ,
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Pseudomonas xinjiangensis S3-3 T , Pseudomonas sabulinigri J64 T and Pseudomonas xiamenensis C10-2 T were used in this study as reference strains.
In this study, samples were collected from the storage liquid in stems of Populus euphratica stands according to the method described by Rozahon et al. (2014) . According to the conventional dilution-plating method, serially diluted (10-fold dilutions each) samples were made and spread on LB agar medium and incubated at 35-37 8C for up to 10 days. After repeated streaking on the same medium, pure cultures were obtained from isolated colonies on the plates and preserved at 280 8C as glycerol suspension for further characterization.
Phenotypic characteristics were investigated, based on the methods previously described by Macián et al. (2005) and Lucena et al. (2010) . The bacterium KBL-4-9 T on LB agar plates formed circular, smooth and creamy colonies 1-1.5 mm in diameter after 72 h of incubation at 37 8C. Strain KBL-4-9
T was Gram-stain negative, strictly aerobic, and positive for catalase and oxidase activities. Cell morphology and dimensions were determined by using a transmission electron microscope (Morgagni 268D, FEI; Fig. S1 available in the online Supplementary Material). Cells of strain KBL-4-9
T were short-rod-shaped (length 0.5-1.6 mm, width 0.5-0.6 mm) and lacked a flagellum.
The motility of cells was tested by the hanging drop method (Murray et al., 1994) and semi-solid agar puncture method. In both cases, the cells of strain KBL-4-9 T expressed non-motile characteristics. This may be due to the isolate having a mutation in the flagellum structure genes; thus, the cell could not construct the flagellum and lost motile ability. The temperature range for growth was determined between 4 and 50 8C at intervals of 5 8C in LB medium. The pH range for growth (pH 5-10, with intervals of 0.5 pH unit) was determined using the appropriate biological buffers: citrate/phosphate (pH 5.0 and 5.5), MOPS (Sigma) (pH 6.0-8.0), boric acid/borax (pH 8.5 and 9.0) and borax/NaOH (pH 9.5 and 10.0), each at a final concentration of 50 mM (Scheidle et al., 2011) . The salinity range supporting growth was determined at various NaCl concentrations (0-5 %, w/v, at intervals of 0.5 %). Strain T grew at 4-45 8C (optimum 37 8C), 1-3 % (w/v) NaCl (optimum 1 %, w/v) and pH 5.5-9.5 (optimum pH 7.5). Accumulation of poly-bhydroxybutyrate and formation of fluorescent pigments were tested on King A and King B medium according to the methods of King et al. (1954) . Strain KBL-4-9 T was not pigmented on King A or King B medium. Other enzyme activities and substrate utilization were determined using the API ZYM and API 20NE kits (bioMérieux) according to the manufacturer's instructions, using distilled water supplemented with 5 % (w/v) NaCl to suspend the cells. Carbon or nitrogen source utilization was studied by using the Biolog GN3 system. Detailed morphological, physiological and biochemical characteristics of strain T are given in the species description. The phenotypic characteristics distinguishing this novel strain from closely related species of the genus Pseudomonas are shown in Table 1 . T could be distinguished from the type strains of species of the genus Pseudomonas by lack of flagella and being positive for utilization of potassium tellurite, L-fructose and potassium nitrate ( Table 1) .
The 16S rRNA gene of strain T was amplified from the extracted DNA by using primers 27F [59-AGAGTTT-GATC(A/C)TGGCTCAG-39] and 1492R [59-ACGG(C/T) . Sequence traces were edited manually and consensus sequences generated using the program SEQMAN, version 7 (DNASTAR). To ascertain the phylogenetic position of the novel strain, the 16S rRNA gene sequence of strain T was compared with sequences obtained from NCBI (http://www.blast.ncbi. nlm.nih.gov/Blast.cgi; Altschul et al., 1997) and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The phylogenetic analysis was performed with MEGA 5 software (version 5; Tamura et al., 2011) . PHB accumulation 2 2 2 + 2 Flagella 2 + + + + pH range for growth 5.5-9.5 6.5-9 5.5-10 6-9 6-8 Growth at: 4 8C + + + + 2 45 8C + 2 2 2 + NaCl range for growth (%) 0-3 0-10 0.5-8 1-3 0-8 Enzyme activity (API ZYM) Alkaline phosphatase The sequences were aligned by using the CLUSTAL X (1.83) program (Thompson et al., 1997) . Distances were calculated according to Kimura's two-parameter model (Kimura, 1983) and clustering was performed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods with bootstrap values based on 1000 replications (Felsenstein, 1985) . The almost-complete 16S rRNA gene sequences (1481 bp) of strain KBL-4-9 T was obtained and compared with 16S rRNA gene sequences available in GenBank using BLAST searches.
Phylogenetic analyses of strain KBL-4-9
T based on 16S rRNA gene sequences showed that the novel strain belonged to the genus Pseudomonas and exhibited 16S rRNA gene sequence similarity to the type strains P. pelagia CL-AP6 T , P. xinjiangensis S3-3 T , P. sabulinigri J64 T and P. xiamenensis C10-2 T of 97.36 %, 97.16 %, 97.15 % and 96.47 %, respectively. In the neighbour-joining tree based on 16S rRNA gene sequences, strain T fell within the clade comprising species of the genus Pseudomonas and occupied a branch related to a cluster formed by P. xinjiangensis S3-3
T and P. xiamenensis C10-2 T (Fig. 1 ). In phylogenetic trees reconstructed using the maximum-parsimony algorithm, strain KBL-4-9
T also fell within the clade encompassed by the genus Pseudomonas; no significant differences were found between trees (results not shown). Sequence analyses of the 16S rRNA gene showed that strain KBL-4-9 T was related phylogenetically to the members of the genus Pseudomonas, but was distinct from all the defined species.
For further determination of phylogenetic position of strain KBL-4-9 T , partial gyrB, rpoB and rpoD gene sequences were analysed. The rpoD gene and rpoB gene were amplified by PCR using primers PsEG30F/ PsEG790R and LAPS5F/LAPS27R as described by Ait Tayeb et al. (2005) . The primers gBMM1F(5-GTGT-CGGTKGTRAACGCCC-3)/gBMM725R (5-GCYTCRTTS-GGRTTYTCCAGCAGG-3) were designed in this study to amplify the gyrB gene. The rpoB (750 bp), rpoD (636 bp) and gyrB (435 bp) gene sequences were determined as described by Mulet et al. (2010) and followed by comparison of the sequences with those of other species of the genus Pseudomonas using BLAST searches. The sequences of the three housekeeping genes for the rest of the species analysed in this paper were obtained from public databases and their accession numbers are displayed in the phylogenetic trees (Figs S2-S4). Strain T exhibited the highest rpoB gene sequence similarity to P. sabulinigri J64 T (91 %) and the highest gyrB gene sequence similarity to Pseudomonas pachastrellae CCUG 46540 T (88 %). Strain KBL-4-9 T shared less than 80.0 % rpoD gene sequence similarity to the type strains of species of the genus Pseudomonas. Phylogenetic trees based on partial gyrB, rpoB and rpoD gene sequences were reconstructed using the MEGA 5 software as for the 16S rRNA gene analysis. A concatenated phylogenetic tree combining by the three housekeeping gene sequences was reconstructed by neighbour-joining; strain KBL-4-9 T also formed a distinct phylogenetic branch within the genus Pseudomonas (Figs 2 and S2-S4). All these phylogenetic trees supported the affiliation of strain KBL-4-9
T as a novel member of the genus Pseudomonas.
For determination of the DNA base composition, total DNA was extracted from cells of strain T according to the method of Marmur (1961) . The DNA G+C content of strain KBL-4-9
T was determined by reversed-phase HPLC using the method of Mesbah et al. (1989) . The DNA G+C content of strain KBL-4-9
T was 61.6 mol% (SD52.19), which is consistent with values reported for members of the genus Pseudomonas.
DNA-DNA hybridization is considered as a standard method to define bacterial species. In this study, DNA-DNA hybridization experiments were carried out to evaluate the DNA-DNA relatedness between strain KBL-4-9 T and its closest phylogenetic neighbours, P. pelagia CL-AP6 T , P. xinjiangensis S3-3 T and P. sabulinigri J64 T , by the optical renaturation rate method (De Ley et al., 1970) using a Perkin Elmer Lambda 35 UV/VIS spectrophotometer by the service of the CICC (Beijing, China). Three repeats of DNA-DNA hybridization showed that isolate KBL-4-9
T exhibited mean DNA-DNA relatedness values with respect to P. pelagia CL-AP6 T , P. xinjiangensis S3-3 T and P. sabulinigri J64 T of 49.3 % (SD53.04), 41.2 % and 52.5 % (SD54.45), respectively. All of these relatedness values are below the recommendation of a threshold value of 70 % DNA-DNA relatedness for definition of a bacterial species and are considered as supporting the classification of strain KBL-4-9
T as a representative of a novel species of the genus Pseudomonas.
Fatty acid methyl esters were analysed as described previously (Sasser, 1990) by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. Cells of strain KBL-4-9 T were incubated in TSB medium (Pancreatic Digest of Casein 17.0 g, Papaic Digest of Soybean 3.0 g, Dextrose 2.5 g, Sodium Chloride 5.0 g and Dipotassium Phosphate 2.5 g/L; final pH57.3) for 56 h, those of P. xinjiangensis S3-3 T and P. sabulinigri J64 T were incubated for 48 h, and those of P. pelagia CL-AP6 T and P. xiamenensis C10-2 T were incubated for 72 h. The cultures of all type strains compared were grown at 30 8C. Wellgrown cells were obtained by choice of sector from a quadrant streak on the plate during the exponential phase of growth and fatty acids were extracted and identified by the standard method of the Microbial Identification System (MIDI) with a GC (6850, Agilent) using the database TSBA6 for identification of the peaks. The major fatty acids of strain KBL-4-9 T were C 16 : 0 (11.56 %), summed feature 8 (C 18 : 1 v7c/ C 18 : 1 v6c) (18.25 %), C 17 : 0 cyclo (13.05 %), C 19 : 0 cyclo v8c (9.34 %), C 12 : 0 (10.94 %), summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c) (8.2 %), C 12 : 0 3-OH (2.8 %) and C 10 : 0 3-OH (1.1 %). This profile of fatty acids matched those of the reference strains, although there were some differences in the 
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Pseudomonas matsuisoli proportions of some components. In comparison with related species of the genus Pseudomonas, strain KBL-4-9 T contained somewhat larger amounts of C 17 : 0 cyclo and C 19 : 0 cyclo v8c and small amounts of summed feature 3 and summed feature 8 (Table 2) .
Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed using reversed-phase HPLC and an YMC ODS-A (25 064.6 mm) column. Analysis of respiratory lipoquinones indicated that the isolate contained ubiquinone-9 (Q-9), which is compatible with other species of the genus Pseudomonas (Palleroni, 2005) .
Polar lipids of strain KBL-4-9
T together with P. pelagia CL-AP6
T as reference, were extracted from 3.0 g freezedried cells grown in LB for 48 h at 37 8C, separated by two-dimensional silica gel TLC and identified using published procedures (Minnikin et al., 1984) , and specific functional groups were detected as described previously (Tindall, 1990) . TLC plates were stained with 10 % molybdophosphoric acid to detect all the lipids and further characterized by spraying with molybdenum blue (specific for phosphates), a-naphthol (specific for sugars) and ninhydrin (specific for amino groups). Strain KBL-4-9 T exhibited a polar lipid profile consisting of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and three unidentified phospholipids, which is in agreement with data published previously for species of the genus (Pascual et al., 2012) (Fig. S5 ).
In conclusion, the results of the phylogenetic analysis, and morphological and chemotaxonomic investigations strongly supported the affiliation of strain T to the genus Pseudomonas.
Many different characteristic features such as source of isolation, biochemical characterization, DNA G+C content, fatty acid profile, 16S rRNA gene sequence similarity and DNA-DNA hybridization can be used to distinguish this strain from phylogenetically related taxa. Therefore, based on the results obtained in this study, strain T represents a novel species within the genus Pseudomonas. Hence, Pseudomonas populi sp. nov., with strain KBL-4-9 T as the type strain, is proposed.
Description of Pseudomonas populi sp. nov.
Pseudomonas populi (po9pu.li. L. fem. gen. n. populi of a poplar tree, pertaining to Populus euphratica, the Latin name for the poplars that grow in the forest from which the type strain was isolated).
Cells are Gram-stain negative, non-spore-forming, nonmotile, aerobic and rod-shaped. Colonies on LB are creamy, circular, convex, smooth and measure 0.5-1.5 mm in diameter after incubation for 3 days at 37 uC. The temperature, pH and NaCl concentration ranges for growth are 4-45 uC (optimum 37 uC), 1-3% (w/v) NaCl (optimum 1%, w/v) and pH 5.5-9.5 (optimum pH 7.5), respectively. Optimum growth occurs at 37 uC, at pH 7.5 and in the presence of 1% NaCl. and/or C 18:1 v6c) and C 17:0 cyclo. The major isoprenoid quinone is Q-9. The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine and diphosphatidylglycerol; minor amounts of several unidentified polar lipids are also present.
The type strain, KBL-4-9 T (5JCM 19138 T 5CCTCC AB 2013069 T 5NRRL B-59988 T ), was isolated from Populus euphratica of ancient Khiyik river in Xinjiang, PR China. The DNA G+C content of strain T is 61.6 mol%. 
